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Abstract 
In this paper, a CMOS fabrication technology-based humidity sensor has been designed, manufactured and tested. The sensor 
using parallel plate capacitor structure, the dielectric materials absorb or desorb water molecules made changes to dielectric 
constant, lead to the parallel plate capacitor values changes to characterize ambient humidity. We have established physical 
model of the device, respectively, simulated the process of rising and lowering humidity in steady and dynamic state; the 
primarily parameters sensor response time have been an in-depth study. Have analyzed the relations between the response time 
and the structures of the device; Proposed concept of "dead-response zone". 
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1. Introduction 
Humidity measurements have important applications in meteorology, environmental monitoring, biotechnology, 
medical and other aspects. In recent years, with the development of microelectronics has brought new way to 
improve the humidity sensor manufacturing. Compared with the traditional humidity measurement devices, the 
humidity sensors fabricated with CMOS-based technology have the advantage of small size, excellent performance 
and lower cost, the humidity is a new direction to humidity sensors developing. 
At present, most of the humidity sensors developed using standard IC fabrication technology. Devices in 
humidity hysteresis, sensitivity, stability, and other parameters have good results, but the response time performance 
not ideal, which inconvenience for sensor applications and volume manufacturing. In order to study response time 
performance, we established mathematical and physical model to the humidity sensor, have simulated the key 
parameters which influenced the response time to optimize the response performance. 
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2. The working principle 
In this paper, we have been designed a capacitive-typed humidity sensor, with parallel plate capacitor structure. 
Use P-type silicon as the substrate, oxide dense SiO2 layer on its surface. Mo-Al layer as plate of capacitive, which 
Deposited on the SiO2 layer, Mo (molybdenum) layer as interlayer to increases adhesion strength between Al lower 
electrode and the substrate. Using a block Mo-Al layer as the lower electrode, the upper electrode is gate-like 
structure. To increase the rack strong and reduce the resistance, around the square designed 20ȝm thick wide rack, 
the rest grid width for 2ȝm, grid space for 2ȝm, electrode thickness is about 1000nm. Between the upper and the 
lower electrodes filled polyimide (PI) as wet-sensitive layer and dielectric layer, its thickness about 500nm. 
Polyimide is organic polymer materials with loose cavernous structures its dielectric constant is about 2.93. 
Dielectric constant of water is about 80. When the water molecules concentration changes in polyimide, its dielectric 
constant changes at the same times, and cause the parallel plate capacitor’s value changes, through this we get 
relative humidity (RH).The entire fabrication process using standard CMOS technology. Main structure of the 
humidity sensor has shown in Figure 1. 
 
 
Figure.1.Main structures of humidity sensor 
3. Sensor Performance Analysis 
In order to facilitate research, we get a cycle structure of humidity sensor established the physical model (as 
shown in Figure.2). SGFramework scripting language worked as numerical analysis and simulation. Consider the 
two-dimensional structure the diffusion equation is: 
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Polyimide dielectric layer have been divided into three regions. Covered with layers of metal parts for the 
Region ĉ, has exposed part for the Region Ċ. The coverage length of the upper electrode is 2ȝm, did not cover 
part of the upper electrode is 1ȝm; Polyimide layer thickness is 0.5ȝm. 
 
 
 
Figure.2. sensor cycle profile 
3.1 Potential and electric field distribution between the upper and the lower plate  
To imposed 5v and 10v voltage to the upper and the bottom electrode, respectively. To analyze the electric 
potential and electric field distribution in dielectric layer.  
The results show that: in the vertical direction, equipotential line spacing uniform in ĉareas, so the electric field 
strength approximate distributed uniformly. In II areas, the equipotential line distributions loose, this shows that 
Electric field strength smaller (See Figure 3 (a)). In the horizontal direction, at the junction of I and II areas, the 
equipotential line is the most intensive, the electric field strength is the most strong, and more near the upper surface 
more large the horizontal electric field strength (shown in Figure 3 (a)). This is easy to understand, the border of the 
unit is also symmetrical on both sides, the potential on both sides of the unit close to 0V, therefore, negative charge 
more vulnerable to distribute near the corner of upper electrode, electric field in this part will dramatic changes.
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Figure.3.(a) Unit with the structure of the potential distribution 
 
As the upper electrode on the size is half of the lower electrode, in accordance with the usual understanding, the 
charge density of the bottom electrode should be two times to upper electrode charge density. Therefore, in the 
vertical direction, the electric field strength In the vicinity of upper electrode should be two times to the electric field 
strength near the lower electrode. However, From the Figure.3b.we can see electric field distribution is uniform, this 
is because the electric field near the upper electrode more on the edges of the electrode (charge amount of the upper 
and lower electrode remains the same). 
Although the electric field have a certain degree extension to region II in the horizontal direction, but the extension 
only a small part of the region II, (see Figure 3 (a)). It contains an important fact that the humidity sensor capacitor 
depends primarily on the areas of the region I (covered with layers of metal), the region II contribution to the 
capacitance is very small, even negligible that is the parallel plate capacitors decided by the size of the smaller plate.
 
 
Figure.3. (b) unit structure of the symmetry axis of the potential distribution 
 
 
Figure.4. (a) From 10% to 90% RH, numbers of water molecules changes of region I, II, and the whole structure. 
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Figure.4. (b) From 90% to 10% RH, numbers of water molecules changes of region I, II, and the whole structure. 
 
The results show that whether rising or lowering the environment humidity, which the fastest changes in the 
number of water molecules is region II, to 2ȝm grid device, the process takes only 0.25s, which is due to the surface 
of this region directly contact with the outside environment, conducive to the rapid spread of water molecules. 
whether rising or lowering the environment humidity, the number of water molecules changes in region I is the 
decisive factors of the whole structure capacitance changes in value; in this area the surface was covered with metal 
electrode, so water molecules is obviously not conducive to the rapidly spread that influenced the whole structure in 
response to changes in the process of the humidity of the outside world. 
 
 
 
Figure.5. concentration and the corresponding spread in the direction of water molecules movement. 
 
According to Figure.5, we can see that whether rising or lowering the environment humidity, in region II the 
water molecules concentration similar to be always the same. When rising environment humidity, water molecules 
concentration in region II is above in region I, the water molecules proliferate from region II to region I. on the 
contrary, when lowering environment humidity, the water molecules proliferate from region I to region II. For this 
reason, may be inferred that the process of lowering will more duration then the process of rising humidity. 
3.3 Characterization to the process of dynamic response (or response time)
The structure peculiarity of the humidity sensor is that the wet film thickness D is relatively small to its width W, 
based on this characteristics and considering that the dynamic response time of the device is main depend on the 
change rate of water molecules number in region I, we define a parameter R=N1/(N1+N2), so as to characterization 
the dynamic respond of the sensor with the parameters variation with time, which N1 is the number of water 
molecules in region I (or average concentration), N2 is the number of water molecules in region II (or average 
concentration). The physical significance of the parameters is the ratio of the number of water molecules between 
region I and the whole structure. 
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Figure.6. (a) Rising and lowering humidity "cycle" figure. 
 
between 10% and 90% RH 
 
 
 
Figure.6. (b) Distribution of water molecules concentration at different times in horizontal direction, t1 and t3, respectively, on 
behalf of the equilibrium state at the beginning and the end, t2 represent the non-equilibrium of the dynamics process at some 
points. 
 
Figure.6.a gives rising and lowering humidity "cycle" diagram. The so-called "circle", is based on the shape and 
does not represent a real circle. By the map to see that whether rising or lowering the environment humidity is 
always changing from one equilibrium state to another, obviously, in this two equilibrium-state, value of parameters 
R is 0.5 (it is inevitable ), between the two equilibrium state, R occurred a large changes in value, which reflect the 
water molecules pervasion inside and outside of devices. At beginning of the process of rising or lowering 
environment humidity (about 0.05s and 0.25s), R take a steep and dramatic changes, as a result in this period the 
concentration of water molecules rapidly changing in region II. It’s a very short period of time, will not cause 
significant effect on response time, but it is will not go away from response time, so we call this period of time 
"response to the death zone". After "in response to Death zone " the lead factor to a change in the R is entirely the 
number of water molecules changes in region I, the so-called sensor response time depends entirely on the number 
of water molecules changes velocity in region I, that is, sustained period of times until R return to 0.5. 
From figure.6.b can be seen that analyze of dynamic process is evidence and reasonable. It is clear that the use 
of parameters R find a convenient and accurate characterization of the sensor response time in theory. Picture shows 
the dynamic process in response to the reported results and law with a large number of documents, and the results 
coincide with the experimental results. Of course, due to respond to the dead time is very short, the experiment 
generally difficult to observe this changes. 
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3.4 Response time and structure parameters  
As can be seen from Figure.7 maintain a sense of wet thickness of 0.5ȝm unchanged the grid width of the active 
region choose between 4-20ȝm, rising response time (10%-90%RH) between 1.1s and 22.4s, and lowering response 
time (90%-10%RH) between 2.6s and 54.0s. Lowering response time is 2.2-2.4 times than rising response time that 
is slope of the lowering curve is 2.2-2.4 times than the rising curve. When increasing the wetlands thickness to 1ȝm, 
both rising and lowering time increased. The smaller grid width of the active region the greater the time increased. 
Even in the best cases, the dynamic response of the total course exist "dead-response". To the structure of that 
device with active zone width of 5ȝm, wetlands thickness of 0.5ȝm, in rising humidity process, the dead-response is 
about 30ms, in lowering humidity process the dead-response is about 250ms. 
When the active area grid width reduce to 2ȝm, wet layer thickness 0.5ȝm, the dead-response time, respectively, 
about 340ms and 800ms.
 
                                                                                 
Fig.7 Response time changes with Active Width (gird width). 
4. The process of  fabrication  
Figure.8 shows the mainly process to prepare the above mentioned humidity sensor using CMOS fabrication 
technology. Fabrication process has shown as following. 
a. Select p-type (100) silicon wafer as floor, the resistance rate of 3 ~ 8ȍ • cm, require a clear edge, as shown in 
Figure.8.a.  
b. Respectively, using 2#, 3# solution, boiling liquid to remove impurities and to clean oil pollution on the wafer 
surface.  
c. Annealing of silicon wafer after oxide make it generate SiO2 insulation film in the  silicon surface layer, as 
shown in Figure.8.b.  
d. Respectively, evaporate 50nm Mo and 1000nm Al.  
e. Smeared polyamide acid and slowly heating to 300ć makes it sufficient dehydration, accordingly engendered 
polyimide film.  
f. Evaporate Mo and AL, the same step as (d).  
g. Lithography the upper electrode.  
h. Lithography the lower electrode lead hole.  
i. Cutting, bonding, and packaging. Photos show the finished humidity sensor. 
 
         
 
a. Substrate oxidation                      b. Deposit the lower electrode, smear polyimid 
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c. Deposit the upper electrode             d. Erode grid structure in the upper electrode 
  
   
Fig.8 Sketch of fabricate flow 
       
 
Fig.9 Photos of the sensor 
5. Results and discussions 
5.1 steady-state simulation 
Steady-state denote in which state the humidity sensor achieved the given relative humidity outside. In a long 
enough period of time, to simulate and analysis the spread of the water molecules diffuse through the electrode gap 
to the internal of sensor. Here, we select 90%RH in outside, respectively, for the simulation time of: 0.001s, 0.01s, 
0.05s, 0.5s, 1000s. Simulation results have shown in Figure.10. 
 
 
 
                                                      a.                                                                     b.
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                                                        c.                                                                       d. 
 
Figure.10 Response steady-state simulation results 
 
(a: 0.001s; b: 0.05s; c: 0.5s; d: 1000s) 
 
Figure.9 illuminate that from 0.001s to 1000s, the water molecules proliferate through the grid electrode gaps 
step by step to the internal of sensors, The top of regionĉ, covered with grid electrodes, vertical proliferation speed 
of the water molecules is significantly fast than horizontal proliferation speed. About 0.05s the water molecules have 
been basically full of both sides region to the bottom of electrodes, and gradually horizontal proliferation to the 
region at bottom of the electrode. When 0.5s is no changes the outcome of the 1000s, so when 0.5 seconds already 
has reached steady-state.  
5.2 Dynamic Simulation  
When the outside humidity changes from the frequency of 0.2Hz to 20Hz, stimulate the average concentration 
volume changes of water molecular, we can come to such a cut-off frequency of this structure model. The simulate 
results shown in Figure 10. 
  
                                                    a.                                                                                     b. 
  
Figure.11 Performance in different environment humidity change frequency. 
 
(a:0.2Hz; b:20Hz) 
Through Figure.11, in comparison found that when humidity changes in slow frequency in outside, in device 
internal, the water molecules average concentration changes in the same frequency with outside conditions, but 
when the outside humidity changes frequency over 20HZ or so, significantly this trend Has tended to slow, it can be 
understood as: the volume of water molecules changing can not keep up with the humidity frequency changes in the 
outside conditions. So its dead frequency about 20Hz.  
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6. Conclusions
Through the numerical simulation and analysis above could draw major conclusions as following: metal-
covered region I is the main source area of the capacitance. Water molecules number changes in the region I is the 
main factors to determine the dynamic response process of humidity sensor. The use of R parameter can easily and 
accurately characterize the response to the sensor, it provided a method to design the structure and optimize the 
parameters of device. Despite the shrinking size of devices (to reduce width of the active region) in favour of 
Improve the response characteristics, the lowering time is still about 2.3 times to wet time; the Dead-response time 
(about 250ms) is not changes with the basic structure parameters, this prove that unable to elimination that period of 
time from physically.  
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